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ABSTRACT

This thesis explores a subset of hybrid perovskite that incorporate formamidinium lead
triiodide (FAPDI3) photoactive material for solar cell applications. These perovskites, with
a bandgap of 1.52 eV, have shown impressive power conversion efficiencies in solar cells
due to their exceptional optoelectronic properties. However, FAPbIs perovskite exhibits
stability challenges. At room temperature, it undergoes a phase change, transitioning from
a photoactive black phase (a-phase) to an inactive yellow phase (6-phase). This phase shift
could hinder the long-term performance of the solar cells. To address this, the study
presents the synthesis of phase-stable a-FAPDI3 perovskite thin films and solar cells. By
incorporating a low concentration of cesium chloride (CsCl), the thin-films obtained
exhibits improved phase stability, uniform morphology, and reduced non-radiative
recombination. The devices exhibited a power conversion efficiency of ~20% (for an area
of 25 mm?) over 1000 hours, and were briefly discussed in chapter 3. In Chapter 4, we
explore how small variations in the chemical composition affect the properties and
performance of the perovskite. We find that even a slight excess of methylammonium
iodide (MAI) salt can improve phase homogeneity and result in a power conversion
efficiency of 19.19% with a larger active area (100 mm?). Notably, the presence of the Pbl,
phase leads to instability over time, even under inert storage conditions. Additionally,
devices degraded rapidly under “dark-85°C-inert conditions (ISOS-D2 protocol)”, when
fabricated with n-i-p configuration. To make these findings practical for large-scale
applications, we optimize the choice of solvents used in the manufacturing process, as
discussed in Chapter 5. Our efforts lead to an impressive power conversion efficiency of
18.66% for a 25 mm? area using 2-methoxyethanol (2-ME) solvent system and antisolvent
free processing. Chapter 6 delves deeper into the improved stability of 2-ME-processed
thin films under thermal stress compared to standard DMF:DMSO films. Additionally,
optoelectronic measurements indicate no degradation in 2-ME-processed films under ISOS
protocol conditions. Lastly, we identify issues at the interface between the perovskite and
C60 (ETL) interface, which limits the overall device performance, through half-stack
PLQE measurements. In summary, this thesis strives to produce uniform and stable FAPDbI3
perovskite thin films and photovoltaic devices, exploring non-stoichiometry's impact,
optimizing a scalable solvent system, and assess their stability under challenging conditions

following industry-standard protocols (ISOS-D2 and ISOS-L3 protocols).
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Tg AR BTfoe WD TZey & Th UG &1 WIS dxdl ¢ Ford ieR et Syl & forg
BHHASET 7S CRIMISIES (FAPDI;) Hieufded TrTift Tfie 8t 81 1.52 eV & S8
I 3 RIGEHTZCH = S0 SRATYRYT TS - T[0T & HRUT AR Ual H gHTa=ITet! faorat
FE IR & f@TS g | gTail, FAPbI, IRIGhTSe # R et Tt 8| 8 & araq
WR, T8 kT, HTA TR (a- TROT) I FAfSR7, die ==07 (5- TR0T) A T TR1 aRacd= & ToRaT g
g TR IRG TR Jd P Sdepicres TS H 14T I BR Tohdl 8| T JaIfId 1 &
forg, sremem fRR a-FAPLI; TRISEhTE Ude fihe SiR Ter Ad & AW HI Ud HRT ¢ |
Fforr FARTES (CsCl) B HH il B M B, TRomH fbed gar =R fRRar, 0=
THRDT 3R HH TR-fafavulia gfarem UehRia H=cdt &1 SuHRON = 1000 °h H ~20% (25
ot v & & o forg) b1 foeTell = uiaR ol el UaiRid &1, ofR sfer 3 7 Hay § 9l 31 718
21 3T 4 H §H YT A g b Imafes TR & B dead IRIskhTge & 07 3R UgH
B HY YHIIT B 81 g1 Ul S FRgani~oy amisss (MAI) TH6 3 aidt I +f
HfYH T TR THETA H GUR HR Tohal ¢ 3R g8 Aiehd & (100 et avf) & A1 19.19%
@1 foeTell TUTARUT G&fT | URUITH R Jobhd! g1 fIRIY ¥ 9, Pbl, IR0 3T JufRfT 97 &
Y SRRAT B 3R & 91 g, Tgf a& o ey Rufaal § ot 9@ sifafved, n-i-p
BHIRHTRRA & i FfHd 819 W, fearsy "em-850C- Ffwpg fRufcdt (1sos-D2 Uietedra)” &
TEd ool I VRIS g1 91d ¢ | 39 FShs! Bl d UAM W SN & ot AGgING §-H &
forg, 5w fafamfor ufssar & IuanT farw oM aTa Wicded & UG & 3G Ied HRd &, o &
T 5 H T4l HI TS g1 THR TN I 2-THARTedATd & SUdNT e 25 it aif & &
fiTT 18.66% 1 TR foeTell FTARUT G&fdl Ut Bt & 1 (2-ME) faemes wormet | $feamd 6
HF® DMF:DMSO fthed! &t garT H yHd a1 & ded 2-ME-TaTied udal! fiher! &t 98
RRAT IR TTeRTE U YT STaT 81 59 Hfalad, SffpigaaeiFe W 1S0S Welwid Ud &
TEd 2-ME-STed fhed! § P15 TRTac el &=1id § | 3id H, 89 3MY-I¢d PLQE HIY & [Tedd
J WRISTHIEE 3R C60 (ETL) SeBY & o1 Sexthy H gl &I g &d o, ol 9y fSargy
TR 3! Hfd wd &1 Jeu H g8 A v 99 3R fRR FAPbI; WRiskhTge gaet fhert
3R WIcdlfecd SUBRUN BT JATG B, IR-KIZDHIIC! P YT B Gisl B, Th Whaad
faamaes el @ SrE e B 3R IENT-HAMS Weldhid (1ISOS-D2 3R 1SOS- L3 Weldia)
& §1G AUl U & 39! FRRAT T SMTdher HR- &1 T &l g
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